Background: Pediatric Bipolar Disorder (BD) has been associated with a number of
evidence of neuropsychological impairments in BD patients, such as episodic, verbal and working memory, spatial and sustained attention, and problem solving (Atre-Vaidya et al 1998; Clark et al 2002; Sweeney et al 2000) , poor arithmetic skills (Lagace et al 2003) , poor visual and spatial orientation (Atre-Vaidya et al 1998) and impaired executive functioning (Ferrier et al 1999; Ferrier and Thompson 2002) .
Studies on neurocognitive functioning in child and adolescent bipolar patients are more mixed. For example, Meyer and colleagues' (2004) prospective study found prior executive functioning deficits (as measured by the Wisconsin Card Sorting Task during adolescence) predicted development of BD in young adulthood, impairment that could not be accounted for by premorbid attentional disturbance; however, the small BD sample made conclusions preliminary. Both Dickstein et al. (2004) and Doyle et al. (2005) found impaired neuropsychological functioning in youth with BD as compared with the matched controls, differences that remained after controlling for ADHD. However, sample sizes of BD-only were small for both studies making it difficult to draw conclusions about the neuropsychological performance of BD-only children. In contrast, McClure et al. (2005) , while they documented significant impairment in their pediatric BD sample in verbal learning and memory, post-hoc analyses dividing the BD group into those with and without ADHD revealed that only the BD group with comorbid ADHD had significant impairment.
To date, no direct comparison on neuropsychological functioning between ADHD and BD adolescent patients has been made and their relative impact on cognitive abilities. It was hypothesized that ADHD is likely impacting on the neuropsychological functioning of BD patients.
Method

Participants
The final sample consisted of 95 participants: 41 controls (22 female, 19 male), 30 ADHD Bipolar, ADHD and neurocognitive functioning 5 (17 female, 13 male), and 24 Bipolar Disorder of which 12 (5 females, 7 males) were identified with comorbid ADHD and 12 (10 females, 2 males) were not. Participants were aged 14 to 17.
Thirty-nine (95.1%) of the control group, 25 (83.3%) of the ADHD group, and 20 (83.3%) of the BD groups were European New Zealanders. Two (4.9%) of the control group, 5 (16.7%) of the ADHD group and 3 (12.5%) of the BD groups identified as Maori. The remaining participants were Other European. The clinical groups were referred through a specialised service that assesses and treats youth with moderate to severe psychiatric disorders. The control group was recruited through advertising at local schools and community resources and received the same clinical evaluation as the clinical groups (see below). Sample characteristics are provided in Tables 1 and 2.   ___________________________   Insert Tables 1 and 2 . While the KSADS-PL is used widely for diagnosing Axis I disorders in children, the WASH-U-KSADS has an extensive section on BD that addresses the limitations of applying the adult criteria to children. Therefore, all participants were administered the mood section of the WASH-U-KSADS and the behavioral section of the K-SADS-PL in addition to the K-SADS screen, benefiting from the strengths of both interviews. Further, due to the high overlap in symptoms between ADHD and BD, a diagnosis of BD included elation and/or grandiosity. As per the WASH-U-KSADS administration guidelines, informant Bipolar, ADHD and neurocognitive functioning 6 discrepancies were addressed by taking positive endorsement of a symptom by either informant as presence of that symptom.
Rating scales. Both the Child Behavior Checklist (CBCL; Achenbach 1991) and the Conners'
Rating Scales-Revised (CRS-R; Conners 1997) were used to assess specifically for ADHD as well as other internalizing and externalizing disorders.
Inclusion criteria for ADHD-only group. 1) the adolescent met DSM-IV-TR criteria for ADHD according to the clinician summary based on the K-SADS-PL parent and adolescent interview, 2) met the clinical cut-offs for the externalising symptoms of ADHD on both the parent form and teacher form (in those cases where the child was consistently attending school) of the Conners' Scales and CBCL in order to ensure pervasiveness across settings, and 3) showed evidence of ADHD symptoms prior to the age of seven established either through a past diagnosis of ADHD or in newer cases, according to parental report and past school report cards. Impairment was confirmed using the K-SADS-PL. A longstanding pattern of ADHD symptoms over time was essential to differentiate it from those participants with BD who displayed ADHD-like symptoms during a manic episode. Three participants were excluded from the ADHD-only group as they met DSM-IV criteria for a depressive disorder, in order to reduce the likelihood of including participants who would later develop BD.
Inclusion criteria for BD-only group. The child met DSM-IV criteria for BD (BD I or BD II) or BD-NOS as defined by NIMH (2001) based on the clinician summary of the WASH-U-KSADS' mood section. A diagnosis of BD-NOS was usually assigned in cases where symptoms of mania were present but the duration of the elated mood was less than four days or consisted of rapid cycling mood. All BD cases showed onset of symptoms post-puberty.
Inclusion criteria for combined (ADHD+BD) group. The child met inclusion criteria for both ADHD and BD.
Exclusion criteria for all groups. Children were excluded from analyses if they had an and four normal controls were excluded due to high IQ.
Specific exclusion criteria for controls. History or current complaints of problems in attention, hyperactivity, impulsivity or significant mood disturbances and T-scores below 60 on the attention/ADHD subscales of both the parent and teacher forms of the Conners' and CBCL. These criteria resulted in five controls being excluded. (Golden 1978) was administered. This test yields four dependent measures converted to Tscores: number of color words named, number of colors named, number of color names that are printed in a discordant color word named, and an interference estimate that measures the ability to suppress a habitual response in favor of an unusual one, taking into account overall naming speed.
Measure of Demographic
Planning and Set-shifting. The computerized version of the Wisconsin Card Sorting Test (WCST), a test designed for individuals aged 6.5-89 years, was administered (Heaton et al 1993) . The variables of interest were number of categories achieved, percent perseverative errors, and percent conceptual level responses. 
Inhibitory control. The Conners' Continuous Performance Test (CPT-II, Connors
2000) was used as a measure of complex cognitive functioning, including attention, visualmotor speed, visual-motor integration, hyperactivity and impulsivity. In brief, the child is required to respond to the computer screen by pressing a space bar for every letter except the letter "X". The computer generates an output of standardized scores of omissions (believed to be related to inattention), commissions (believed to be a measure of impulsivity), reaction time, and variability of reaction time. A confidence index is also provided.
Procedures
This study received ethical approval from the Human Ethics Committee of the University of Canterbury and the Canterbury Ethics Committee. Clinical interviews and testing were conducted in laboratories within a psychology department in a midsized university. Consent and assent forms were reviewed with both parents and adolescents.
Questionnaire packages were sent to the adolescents' teachers with the consent of the parents.
The interviews were conducted with both the parent and adolescent separately by doctoratelevel clinical psychologists who had established interrater reliability through training. All cases were reviewed with the primary investigator, who had received on-site training on the WASH-U-KSADS at Washington State University, and consensus achieved. Further, 10% of the clinical interviews were videoed and reviewed by a second rater to maintain and review reliability of the diagnoses. There was 100% agreement on the diagnoses of ADHD and BD.
The adolescent self-report measures and cognitive measures were administered by clinical Bipolar, ADHD and neurocognitive functioning 10 psychology graduate students blind to diagnostic status.
Parents of 23 children on stimulant medication (53.3% of the ADHD group and 58.3% of the combined group) were asked not to give their child this medication on the morning of testing as stimulant medications can improve the behavior as well as the cognitive functioning of children taking the medication (Berman et al 1999) , potentially confounding the results.
Confirmation was obtained on the day of testing that the medication had not been administered. Three (10%) of the ADHD group, 10 (83.3%) of the BD group, 6 (50%) of the combined group and none of the controls were taking a medication other than a stimulant (e.g., clonidine, fluoxetine, citalopram, quetiapine, lithium). Of those adolescents not taking stimulants, two were taking fluoxetine, one was taking paroxetine, and two were taking lithium. These other medications were not discontinued. None of the BD patients were in a manic episode during testing, established via the clinical interview.
Results
Statistical Analyses
Results were analyzed using SPSS version 13. Multivariate and univariate analyses of variance and covariance were used to examine group differences. Wilks' lambda was used as the overall test of significance. Partial eta squared (η 2 ) was calculated as an estimate of overall effect size. Specific group differences were examined with post-hoc Bonferroni tests using a p value of .05. Chi-square analyses were used for comparisons on dichotomous variables. Effect sizes on post-hoc analyses were calculated using cohen's d.
Sample characteristics
There were no group differences in age (F (3, 91) = 1.68, p = .18), SES (F (3, 87) = 2.56, p = .06), ethnicity (χ 2 (6, N = 95) = 6.52, p = .37), and sex distribution (χ 2 (3, N = 95) = 6.17, p = .10). Chi-square analyses were also performed on the distribution of subtypes (i.e., BD-NOS, BD-I, BD-II; inattentive, hyperactive-impulsive, combined) within the BD groups Bipolar, ADHD and neurocognitive functioning 11 (χ 2 (2, N = 24) = 4.444, p = .11) and ADHD groups (χ 2 (2, N = 42) = 5.12, p = .08), with no significant differences observed. Group differences were found in estimated IQ (F (3, 91) = 7.87, p < .001) with post-hoc tests revealing the ADHD-only group had a lower IQ than the control group. Given that these group differences approached significance, IQ, age, sex and SES were entered as covariates following the main analyses and these results are embedded in the results and Tables below. However, IQ was not used as a covariate for the WISC/WAIS variables given the obvious confounding issues involved. While a few results were no longer significant using covariates, the overall pattern of results remained the same.
As expected, there were group differences on the Conners' scales and the CBCL scales between the controls and the clinical groups (see Table 1 ). However, these scales did not reliably differentiate between those with ADHD and those with BD-only, indicating that in cases of BD, a formal interview is necessary to assess the source of attentional problems.
No group differences were found in numbers per group attending school (χ 2 (3, N = 95) = 6.61, p = .1), with over 80% school attendance. Table 3 shows that on the Wechsler scales, the ADHD-only and combined groups showed impaired processing speed as compared with the controls, in particular on Coding, a task that requires quick scanning ability, working memory and mental and physical speed. In contrast, the BD-only group, performed similarly to the controls. On the RAN, the ADHDonly group showing slowed rapid automatized naming as compared with the controls.
Processing speed and speed of naming
Furthermore, group differences were found between the ADHD-only and BD-only groups on speed of letter naming and color/number/letter naming. Like the ADHD-only group, the combined group was more impaired in speed of naming colors as compared with the controls.
The pattern of results indicates that the ADHD groups (ADHD-only and combined), were slower at processing automatized information and that the BD-only group were not showing such processing speed deficits. Further, there were no group differences in number of omissions, additions, deletions, and errors across all five naming tests, suggesting slower responses were due to slower retrieval rather than mediated by inaccurate retrieval.
Given the small sample size and low power available to detect group differences, effect sizes (cohen's d) were also calculated on the post-hoc analyses and supported group differences found. Effect sizes were deemed large (.8-1.2) between the controls and the combined group and the controls and the ADHD-only group, medium to large (.5-.9) between the ADHD-only group and BD-only group, medium (.4-.5) between the BD-only and combined groups, and small to medium (.2-.5) between the controls and the BD-only group.
___________________________
Insert Table 4 illustrates the memory abilities of the four groups. While the three clinical groups had lower scores on the Working Memory Index (likely driven largely by the relatively stronger performance of the controls on the Arithmetic subtest), the ADHD-only group was most impaired in working memory abilities showing the lower overall scores, specifically on Digit Span. Further, both the ADHD-only and combined groups showed specific memory deficits as measured by the WRAML. The combined group showed specific difficulties with Story Memory and the ADHD-only group specific problems with Verbal
Learning and Picture Memory as compared with controls although these latter group differences were no longer significant after covariates were included. Finally, the BD-only group showed no deficits in memory abilities on the WRAML as compared with the controls.
Effect sizes between the groups were similar to those reported above for processing and naming speed. Table 5 shows the tests of executive functioning. The overall pattern indicates that having both ADHD and BD (i.e., the combined group) increases the likelihood of having the most difficulty across these tasks. While both the ADHD-only and combined groups were slower on the Stroop and on Color Trails II, the combined group also showed deficits in omission errors and had greater variability in performance on the CPT-II as compared with the controls. Again, the BD-only group did not show any significant difficulties on any of the tasks as compared with the controls. Of interest, all groups performed equally well on the WCST, with no group showing specific difficulties with this set-shifting task. On Color Trails, the number of errors per group was examined and no differences were found, suggesting that the slower responses were not due to inaccuracies in the task; however, controlling for IQ eliminated these group differences, questioning whether psychopathology had an impact on performance of mental flexibility. Interference problems were not noted for any group on either the Stroop or on Color Trails, an index that first takes into account overall processing speed. While IQ likely explained group differences between the BD group and ADHD group on Stroop Color, even after controlling for covariates, the ADHD group and combined group were slower on Stroop Word than the BD group.
On those tasks where group differences were found, effect sizes were large (.8-1.2) between the control and combined groups, the controls and the ADHD-only group, the BDonly and combined groups, and the BD-only and ADHD-only groups whereas effect sizes were small (.1-.2) between the BD-only group and controls.
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Insert Table 5 about here
___________________________
Medication effects
While those participants taking stimulants were asked to not take their medication on the day of testing to minimize the effect medication could have on performance, given that it is possible that the overall poorer performance of the ADHD participants could have been due to removal of medication, the ADHD participants were pooled and those taking stimulants (n = 23) were compared with those not taking stimulants (n = 19). Only two group differences emerged: those taking stimulants were slower at naming letters (F (1, 40) = 5.31, p < .05), and made less commission errors on the CPT-II (F (1, 40) = 5.79, p < .05), indicating removal of stimulant medication was not driving the results.
Further analyses on BD subtypes
As the distribution of BD subtypes was uneven across the two BD groups and given the ongoing controversy over the BD-NOS subtype, analyses were rerun taking out those individuals with BD-NOS. Despite extremely small sample sizes (BD-I/II-only: 10, ADHD+BD-I/II: 5), all significant group differences remained, suggesting that uneven distributions of BD-NOS was not driving the differences found. Indeed, the results were even more striking in that the new combined group was more impaired than the original combined group, with some scores falling two standard deviations below the mean (e.g. Coding: 4.20 (2.59)); resulting in significant group differences emerging between the BD-only and combined groups. Further comparisons within the original combined group showed that those individuals with ADHD+BD-NOS are less impaired neurocognitively than those with ADHD+BD I/II. However, these results must be interpreted with caution as the removal of those individuals with BD-NOS created a new confounding problem in that all those with ADHD+BD-I/II were male and 80% (n = 8) of those with BD-I/II-only were female. While Bipolar, ADHD and neurocognitive functioning 15 research has shown that ADHD males and females are as impaired neurocognitively , less is known about the impact of gender on BD.
Exploratory regressions
Regressions were performed to assess the relative impact of ADHD and manic symptoms on neurocognitive performance. The overall indices (Freedom from Distractibility, Processing Speed Index, Confidence Index, Memory Screening Index, Visual Memory Index)
were entered as the dependent variables and predictors entered stepwise in the regression.
Predictors were maximum number of manic symptoms displayed within the last six months (every BD participant had experienced at least one manic episode during this time period that could be rated) and maximum number of ADHD symptoms reported in the last six months, all as assessed by the K-SADS. To control for Type I error, p < .01 was used.
Other than the Memory Screening Index where both manic and ADHD symptoms (2005), in that the combination of ADHD and BD appears to place one at higher risk for neurocognitive deficits across a broad range of functioning. This study also replicated the findings of McClure et al. (2005) showing that the combined group had verbal memory impairment. This current study suggests that presence of ADHD may at least partially account for the neurocognitive deficits identified in bipolar patients and should encourage researchers Bipolar, ADHD and neurocognitive functioning 17 in the adult field to consider ADHD in light of these results. These results also confirm previous work that have documented neurocognitive deficits in ADHD samples, specifically working memory (Kaplan et al 1998) , slowed processing (Rucklidge and Tannock, 2002) , and naming speed deficits (Nigg, 2001) .
No group differences were found on the Wisconsin Card Sorting Task There has been a recent interest in the neurocognitive profiles of children and adolescents with BD. This research suggests caution be taken when assessing the impact of BD on neurocognitive profiles given the high rate of comorbid ADHD in BD samples. While it would be ideal to have some tests that could discriminate between ADHD and BD given the overlap in symptoms presentation, such tests probably do not exist. Even a test designed specifically for identifying ADHD, such as the CPT-II, was unable to reliably distinguish between the ADHD groups and controls, and indeed, in terms of the confidence index, the only group that reached a marginally adequate level was the combined group at 70%.
Nevertheless, these results are comparable to a number of studies that have identified limited usefulness of the CPT-II in identified individuals with attentional deficits (McGee et al 2000) .
The one test that did show clear patterns of performance was the Stroop with both the ADHD-only and combined groups showing impaired performance. While no group differences emerged on the interference measure, this finding replicates other research (van Mourik et al 2005) showing that ADHD participants do not have impaired interference scores after controlling for naming speed. A more reliable finding is that ADHD participants, with Bipolar, ADHD and neurocognitive functioning 18 and without other comorbidities, are impaired in rapid verbal naming (Nigg 2001) . However, while this study has clarified the impact ADHD may have on neuropsychological performance of BD patients, further research is required to determine other ways of identifying those BD children at highest risk for poor developmental outcomes.
Limitations and future directions
Despite extensive recruitment, the sample size for the bipolar groups was small increasing the likelihood of both Type I and type II errors. However, the fact that many group differences were found between the combined group and the controls highlights that the severe cognitive deficits lie with individuals with both BD and ADHD as opposed to BDonly. Furthermore, the sample described was comparable to others on pediatric BD in terms of diagnostic profiles and high rates of comorbidity with other disorders and indeed, was large enough to allow for direct comparisons. Further, as all participants with BD showed an onset of full manic symptoms post-puberty, the results cannot be generalized to those with a prepubescent-onset of BD. Future research could compare those with prepubertal-onset and adolescent-onset BD to determine whether the phenomenology is similar across these two subgroups. In addition, given that the clinical groups were recruited from a specialized service, the results may not generalize to the wider psychiatric population.
The use of psychotropic medications presented as another limitation. While those on stimulants were asked not to take the medication prior to testing, it was not ethical or indeed feasible given the different half-lives, to require those on mood stabilizers to refrain from taking medication. Medications have been documented to affect cognitive performance (Alessi et al 1994; Manji et al 2000) and it is difficult to determine how they may have impacted the results. Some confidence that the group differences were not due to the removal of the stimulants comes from the overall lack of group differences between those ADHD participants off stimulants for testing and those not taking stimulants to treat ADHD.
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There is some controversy regarding the diagnosis of Bipolar Disorder in pediatric samples. Similar to other international studies, BD I, BD II and BD-NOS were included in the BD groups. Some confidence is gained from the fact that removal of the BD-NOS did not alter the pattern of results; however, future research needs to examine the issue of subtypes in greater depth. Comparisons were also not made across the three ADHD subtypes. Finally, while the analyses were rerun controlling for sex and comparable findings were found, studies with larger samples could investigate sex differences and specific sex effects. 
